Resolution of inflammation is a critical process that is facilitated by specialized proresolving mediators (SPMs). In this issue, Bang et al. show that the G protein-coupled receptor GPR37 is a receptor for one such SPM, neuroprotectin D1. They also show that GPR37 activation in macrophages enhances phagocytosis, shifts cytokine release toward an antiinflammatory profile, and thereby helps to reverse inflammatory pain.
Specialized proresolving mediators as active participants in resolution of inflammation
The earliest events following tissue infection or injury typically involve the sequential recruitment of neutrophils and macrophages, together with cardinal features of inflammation: tumor (edema), calor (warmth), dolor (pain), rubor (redness), and functio laesa (loss of function). Over time, however, antiinflammatory processes reduce immune cell infiltration by reciprocally suppressing the release of proinflammatory cytokines while enhancing the release of antiinflammatory cytokines. Meanwhile, proresolution processes limit further damage and enhance restoration of tissue homeostasis by promoting neutrophil apoptosis and the phagocytic removal of apoptotic neutrophils, cell debris, and residual pathogens by phagocytic macrophages (1) . These events coincide with reversal of inflammation and pain. Yet, while mechanisms whereby proinflammatory mediators drive inflammatory pain have been well-studied, relatively less is known at the molecular level about how inflammatory pain is resolved.
An array of specialized proresolving mediators (SPMs) (2, 3) generated endogenously during inflammation promotes the resolution of inflammation. Most SPMs are lipids derived enzymatically from essential fatty acids such as arachidonic acid (AA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) (4) . Lipoxins (LXA4 and LXB4) are SPMs derived from AA (1, 5) . Additional SPM families, including resolvins, protectins, and maresins, were first identified by Serhan (2) . E-series resolvins (RvE1 and RvE2) are derived from EPA whereas D-series resolvins (RvD1-6), neuroprotectins/protectins (NPD1/PD1), and maresins are derived from DHA (refs. 6-8 and Figure 1A) . As a class, SPMs share similar biological functions, including limiting neutrophil infiltration, shifting cytokine profiles from pro-to antiinflammatory, and promoting macrophage phagocytosis. However, SPMs display cell-type-specific actions owing to differential expression of their receptors. SPMs exert most of their effects via GPCRs such as those that bind LXA4 (ALXR/FPR2) (9), RvE1 (chemokinelike receptor 1/CHEMR23) (10), RvD1 (GPR32) (11) , and RvD2 (GPR18) (12) . Until now, however, the receptor that mediates the proresolving actions of NPD1 has remained undefined. In this issue, Bang et al. identify GPR37 (parkin-associated endothelin-like receptor/Pael-R) as a receptor for NPD1 and provide evidence implicating GPR37 as a new molecular participant in macrophage phagocytosis and the resolution of inflammatory pain (13) . NPD1, GPR37, and the resolution of inflammatory pain GPR37 is a GPCR most extensively studied in the brain that has been associated with Parkinson's disease and autism spectrum disorder (14) (15) (16) . Two known GPR37 ligands, prosaposin and prosaposinderived 14-mer peptide (TX14), have been shown to exert neuroprotective and glioprotective effects via this receptor (17) . Prosaposin and TX14 have also been shown to alleviate tactile allodynia in several models of neuropathic-and formalin-induced pain (17) , although the relevant receptor for those actions was not identified. Moreover, the expression and function of GPR37 in immune cells has not been previously addressed. To explore potential roles for GPR37 in inflammatory pain, Bang et al. characterized the cellular distribution of GPR37 in mouse hind paw skin, dorsal root ganglia (DRG, which house sensory neuron cell bodies), the spinal cord, and the brain (13) . They detected GPR37 expression in a subset of macrophages in skin, peritoneal fluid, and DRG. Interestingly, however, they observed no GPR37 in spinal or brain microglia, which share many features with macrophages, or in peripheral sensory neurons.
Bang et al. also provide several lines of evidence suggesting that GPR37 is a receptor for NPD1 (13 Another important finding of Bang et al. was that NPD1 could enhance macrophage phagocytosis of yeast-derived zymosan particles, an effect that was absent in peritoneal macrophages isolated from an M1-like macrophage phenotype. In behavioral assays, naive GPR37-KO mice showed normal withdrawal responses to painful mechanical, thermal, and chemical stimuli. The onset and peak severity of mechanical and thermal hyperalgesia evoked by injection with zymosan were also normal in GPR37-KO mice. However, despite a normal resolution of edema, the resolution of inflammatory pain was much slower in mice lacking GPR37 compared with WT controls, with substantial residual hyperalgesia at 4 weeks. A similar pattern of normal onset of hyperalgesia but delayed resolution was observed in GPR37-KO mice injected with IL-1β. determine the contributions of GPR37 and macrophages to the resolution of inflammatory pain (ref. 13 and Figure 1B) . They observed that GPR37-KO impaired in vivo macrophage phagocytosis of zymosan and apoptotic neutrophils but had no effect on neutrophil recruitment or on the reduction in neutrophil numbers at later time points (presumably a consequence of neutrophil apoptosis). In addition, GPR37 deficiency augmented the expression of proinflammatory cytokines (e.g., IL-1β) and reciprocally suppressed the expression of antiinflammatory cytokines (e.g., IL-10 and TGF-β) in macrophages, suggesting that GPR37 activation favors an M2-like over GPR37-KO mice (13) . Using pharmacological inhibitors, they further determined that the potentiation of macrophage phagocytosis by NPD1 and GPR37 depends on signaling through G protein subunit G i/o , ERK, and PI3K/AKT. This differs from RvD2/ DRV2 signaling, which has been shown to promote resolution via a pathway involving cAMP, pCREB, STAT3, and ERK (18) .
Upon injection into rodent skin, zymosan particles evoke inflammation and associated mechanical and thermal hypersensitivity that peak within approximately 4 hours but then revert back to baseline within about one week. Bang and colleagues employed this model to in pain resolution is well-supported by the study of Bang et al. (13) . However, any benefits of this receptor's prophagocytic effects, while conceptually reasonable, remain speculative. Although Bang et al. show that the proportion of macrophageengulfed neutrophils during the resolution phase of zymosan inflammation is dependent on the presence of GPR37, knockout of this receptor apparently does not alter either the recruitment of neutrophils to zymosan-treated skin or the degree of neutrophil elimination by day 5. While the latter might be attributable, in part, to normal neutrophil apoptosis in the absence of GPR37, the specific respective contributions of neutrophil apoptosis and macrophagemediated phagocytosis to pain resolution remain to be clarified. The precise interplay between phagocytosis, inflammation, nociceptive neurons, and pain is likely to be especially relevant in the setting of infection with living microorganisms. Recent studies have shown that certain pathological bacteria directly activate nociceptive neurons through the production of toxins such as Streptolysin S, and that the consequent release of neuropeptides from the nociceptive neurons suppresses recruitment of innate immune cells that would normally phagocytose the bacteria to clear or limit the infection (20) . Presumably, mechanisms that augment phagocytosis, per se, would reduce bacterial growth and consequently pain in this setting. However, this idea remains to be directly tested.
Fourth, in the setting of peripheral nerve injury, do GPR37 or other SPMs facilitate macrophage phagocytosis of axonal and myelin debris and is this effect a contributing factor to effective nerve regeneration and subsequent reversal of neuropathic pain?
Collectively, the findings of Bang et al. (13) identify new molecular participants (and attractive candidate therapeutic targets) in the resolution of inflammatory pain, highlight the utility of the zymosan system for the analysis of "active" resolution of pain, and bring into focus new questions about the details of this multifaceted process.
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Thus, it appears that GPR37 plays a selective role in the resolution phase of inflammatory pain, potentially by facilitating macrophage participation in proresolution events (summarized in Figure 1C) .
Bang et al. employed both gain-and loss-of-function approaches to further test this possibility (13) . First, depletion of macrophages from WT mice using the chemical toxin clodronate phenocopied the prolonged zymosan-induced pain phenotype seen in GPR37-KO mice. Second, and even more strikingly, adoptive transfer of WT but not GPR37-deficient macrophages into GPR37-KO mice reversed their prolonged hyperalgesia phenotype. Moreover, the proresolving effect of adoptively transferred WT macrophages was attenuated by neutralizing antibodies against IL-10. Taken together, these findings suggest that GPR37 in macrophages promotes the resolution of inflammatory pain, at least in part by promoting the release of IL-10. Third, what is the relative importance of GPR37-augmented phagocytosis vs. cytokine profile shift to the resolution of inflammatory pain? A major role for GPR37-stimulated macrophage IL-10 secretion
Implications and future directions

